INTRODUCTION

1
In organic farming, the farm is considered as an integrated whole, recognising that 2 complex relationships exist between resource flows on the farm and the many 3 environmental factors that influence them. Organic farming systems emphasise 4 reliance on ecological interactions and biological processes over direct intervention. 5 As a result, the use of imported materials to build/maintain soil fertility is restricted. 6 Achieving a balance between inputs and outputs of nutrients within the farm system is 7 critical to ensure both short-term productivity and long-term sustainability. Nutrient 8 management must be understood, planned and managed over periods of longer than a 9 single crop or growing season (Watson et al. 2002) . 10 Nutrient budgets are becoming increasingly accepted as a tool to describe nutrient 11 flows within farming systems and to assist in the planning of the complex and 12 coincident spatial and temporal nutrient management within rotational cropping and 13 mixed farming systems (Watson & Stockdale 1997) . In this paper, therefore, we 14 consider different approaches to nutrient budgeting and evaluate the sources of bias in 15 the measurements and/or estimates of the inputs and outputs used to compile budgets 16 that are particularly pertinent to organic farming systems. Depending on the farm 17 management and the balance of inputs and outputs of nutrients, N, P and K budgets 18 have been shown to range from deficit to surplus in organic farming systems (e.g.
19 Fagerberg et al. 1996; Nolte & Werner 1994; Wieser et al. 1996) . We have brought 20 together 88 nutrient budgets compiled at the farm scale from research and commercial 21 organic farms of different types in nine countries with temperate climates. Our aim is 22 to examine relationships between nutrient budgets and estimates of nutrient use 23 efficiency derived from them, and management practices and/or farm type. 24 inputs and outputs vary among farming systems and even between fields, the mass 8 balance concept provides a framework that can be applied systematically across a 9 wide range of scales and farming systems (Committee on Long Range Soil and Water 10 Conservation 1993). Nutrient budgets therefore have the potential to illustrate, both 11 qualitatively and quantitatively, the flows of nutrients in to, out of, and within, a given 12 system. Nutrient budgets are therefore of value to researchers, farmers, their advisors 13 and for educational purposes (Watson & Stockdale 1999; Goodlass et al. 2002) .
14 Nutrient budget methodology has recently been reviewed by a number of authors 15 (e.g. Watson & Atkinson 1999; van Noordwijk 1999) . There are a number of different 16 budget types, which differ mainly in where the system boundary is drawn, whether 17 internal flows are described and which inputs and outputs are included (Figure 1 ).
18
Three main types of budgets are usually described, which are then applied at a variety 2) Surface budgets consider the difference between total inputs and removal in crop 4 and/or animal offtake. These budgets include uncontrollable inputs but do not 5 usually provide information on the fate or origin of any budget surplus i.e. 6 whether it is lost from the system or 'stored' in the soil. Soil surface budgets are 7 used to determine crop nutrient requirements (particularly P and K) from 8 fertilisers and manures at a field scale (MAFF 2000) . 3) System budgets give detailed information on inputs, outputs, losses and internal 10 flows, usually for a number of compartments e.g. soil, crop, livestock, manures.
11 Aarts et al. (1992) presented changes in storage, transfers and nutrient surpluses of 12 dairy systems in the Netherlands using this approach. Such budgets need larger 13 data inputs than 1) and 2) above but the increasing availability of relevant 14 computer models can reduce the need for additional measurements.
15
There is no one correct approach to the compilation of nutrient budgets, instead 16 appropriate methodology should be chosen depending on the purpose/question which 17 is driving the compilation of the budget and the nutrient or nutrients being considered 
System definition
21
The delineation of system boundaries in both space and time is a critical step in the 22 compilation of nutrient budgets. In order to allow useful interpretation of the data, the 23 definition of the system boundary also needs to be made explicit when the budget is 24 presented. (Nolte & Werner 1994; Fagerberg et al. 1996) The major input and output flows for N, P and K in organic farming systems, 21 where the spatial system boundary is defined as managed land on the farm considered 22 to rooting depth are illustrated in Figure 2 . This is the system for which we have 23 compiled budgets from the literature and it can be described as a farm-scale surface 24 budget. Oenema & Heinen (1999) et al. 1995) . This decline in fixation is believed to 6 be due to the build up of soil available N causing a decline in the proportion of clover 7 (Crush 1987; Evans et al. 1995; Fisher 1996) . Grazing has been shown to reduce 8 fixation by 14-21% through the effect of higher soil N and greater grass competition et al. 1996) . 
Results
11
All of the N budgets showed an N surplus. Averaging over all farm types the 12 surplus was 86.2 kg N ha -1 year -1 (Table 5) . However, the efficiency of N use was 13 relatively low (Table 5; Table 6 is from a subset of those dairy farms in Table 5 where a more 17 detailed dataset was readily available. Across all the dairy farms studied in detail, N 18 inputs averaged 118 kg N ha -1 year -1 (SE 7.5; Table 6 ). On average, 62% of the N 19 inputs were derived from N fixation (range 19-87%, SE 2.8) and 25% on average in 20 purchased feed and bedding (range 0-65%, SE 2.7). Only 4 of the 47 farms studied 21 imported any manure, these also had some crop production on the farm (dairy farms   22 14, 20, 33 and 47; Table 6 ). N outputs in products were also variable between farms 23 (average 26 kg N ha -1 year -1 , SE 1.8; Table 6 ). However, across all dairy farms there 24 was no significant increase in N in the products sold with increasing total N input (Table 6) The P and K budgets calculated show both surpluses and deficits ( Table 3 Parameters used in a number of empirical relationships to predict N fixation 9 Table 4 Data sources for the compilation of nutrient budgets at farm-scale for organic 10 farms.
11 Table 5 Summary of farm-scale nutrient budgets by farm type 12 Table 6 Simplified nutrient budgets for 47 farms where dairy production is 13 considered to be the major enterprise, but which also may have some 14 cropping on farm (mixed) listed in order of increasing total N input to the 15 farm system. n/a = information not available. 
